Background
==========

Due to the current lack of organ donors, the system of kidney allocation does not take into account the sex differences between the donor and the recipient. A large percentage of patients included in the waiting list (WL) for kidney transplantation (KT) consists of men, despite the fact that women suffer more from chronic kidney disease \[[@b1-anntransplant-25-e921117]\]. More than 60% of men were active on a WL in the USA at the end of 2017; this percentage correlated with the number of transplanted male patients \[[@b2-anntransplant-25-e921117]\]. Data from European countries are almost identical \[[@b3-anntransplant-25-e921117]\]. In the case of transplantations from living donors, women form almost two-thirds of the kidney donor pool, but men are more often the recipients \[[@b2-anntransplant-25-e921117]\].

"Sex-specific medicine", as the science of sex and gender difference, gives us the option to see how a disease can show itself differently in males and females, and how the disease can have different a pathophysiological basis, a different reaction to the administered treatment, or a different ability to cope with the disease in males and females \[[@b1-anntransplant-25-e921117]\]. The influence of sex, as one of the still growing number of factors, on the process of effective kidney transplantation has been a subject of study for a long time. A female kidney is generally smaller with a smaller mass of nephrons, which might lead to hyperfiltration, a reduction of the nephron mass, or even a loss of the graft function on the basis of chronic renal graft nephropathy \[[@b4-anntransplant-25-e921117]\]. On the other hand, a smaller body surface leads, in the case of women, to a lower metabolic impact on the kidney, which represents an advantage in graft survival \[[@b5-anntransplant-25-e921117]\]; these are non-immunological factors. Immunity responses, both humoral and cellular, are activated in the female body to a larger degree due to the immunity-stimulating effect of oestrogens and the suppressive impact of androgens \[[@b6-anntransplant-25-e921117],[@b7-anntransplant-25-e921117]\]. The significance of a sex-determined minor histocompatibility antigen (H-Y antigen) was described for the first time in 1976 in the case of a women who rejected bone marrow from her HLA-identical brother \[[@b8-anntransplant-25-e921117]\]. Its recognition by the immunity system of the female recipient of a male kidney can result in a higher risk of the loss of graft function. During recent years, the highest number of H-Y antibodies was detected in the blood of female recipients who received a kidney from a male donor, as compared to other sex combinations. The occurrence of these antibodies is significantly correlated with the occurrence of acute rejection \[[@b9-anntransplant-25-e921117]\]. Recently, the association of sex difference on the development of post-transplant diabetes mellitus (PTDM), a complication with a significant negative impact on morbidity and mortality of patients after KT, was confirmed \[[@b10-anntransplant-25-e921117]\]. In addition to the sex of the donors and recipients, the age category of both patient groups also plays a crucial role. Immunity system activity and behavior of the individual are both affected by sex and gender and by a person's age and maturity \[[@b11-anntransplant-25-e921117]\]. The compliance of the patient after a KT and the adherence to immunosuppression therapy influence the occurrence of rejection and survival of the graft after a KT \[[@b12-anntransplant-25-e921117]\]. The influence and significance of these factors also depends on the sex and age of the recipient \[[@b13-anntransplant-25-e921117],[@b14-anntransplant-25-e921117]\]. So far there was only one analysis that dealt with the current impact of the different sex and age category of donors and recipients on graft survival after a KT \[[@b11-anntransplant-25-e921117]\]; the majority of the published studies assessed the relationship between these factors and the graft survival in isolation.

The aim of our extensive study was to determine the influence of sex mismatch between the donor and the recipient on graft function, graft survival, and patient survival after a KT. Another aim was to identify the impact of a sex mismatch on the function and the survival of graft and patient after a KT adjusted to the age category of the donors/recipients and the induction of treatment with thymoglobulin.

Material and Methods
====================

The present 10-year retrospective analysis consists of 230 deceased donors after brain death-recipient pairs who underwent a primary KT from a dead donor in the Martin Transplant Center from 2003 to 2013.

For all donors before procurement we determined: age at time of procurement, sex of donor, type of donor (percentage of donors with extended criteria), eGFR (estimated glomerular filtration rate) before procurement determined by CKD-EPI formula (Chronic Kidney Disease Epidemiology Collaboration), body mass index (BMI), and proteinuria for 12 hours. Good graft function was defined as eGFR above 60 ml/min according to KDIGO definition for chronic kidney disease \[[@b15-anntransplant-25-e921117]\].

For the recipients we recorded: age at time of KT, sex, time of cold ischemia, start of graft function (primary or delayed -- defined as the need of dialysis treatment in the first week after the KT), occurrence of acute rejection in the first year after KT verified by biopsy, the type of induction (IL-2 inhibitor--basiliximab/daclizumab or anti-thymocyte globulin), and maintenance of immunosuppression treatment (tacrolimus or cyclosporine A). The graft function was determined on the basis of the serum creatinine on the seventh day (D7), first, third, sixth month (M), first, third, fifth year (Y), and the value of the eGFR in M1, M3, M6, Y1, Y3, and Y5 after the KT ([Table 1](#t1-anntransplant-25-e921117){ref-type="table"}). Methylprednisolone 500 mg was administered to all recipients before transplantation and on D1. Anti-thymocyte globulin was used for high-risk patients (panel-reactive antibody \>20%) or those with history of positive cross-match test or PRA less than 20% with cold ischemia time more than 12 hours, and extended-criteria donors. We used anti-thymocyte globulin in a cumulative dose of 3.5 mg/kg, divided into 3 doses). Basiliximab was used in low-risk patients (PRA less than 20%, cold ischemia time less than 12 hours, standard-criteria donor). No induction was used for patients with very low risk (maximum of one mismatch and a 0% panel-reactive antibody). Tacrolimus or cyclosporine A in combination with mycophenolic acid and corticosteroids were used in the maintenance of immunosuppression.

Patients/recipients were divided into 2 groups according to donor sex. Furthermore, we identified each group of male and female recipients by age at CT.

We used a certified statistical program, MedCalc version 13.1.2. (MedCalc Software VAT registration number BE 0809 344 640, member of the International Association of Statistical Computations, Ostend, Belgium). Comparison of continuous variables between groups was performed using parametric (t-test) or non-parametric (Mann-Whitney) tests; associations between categorical variables were analyzed using chi-square test and Fisher's exact test, as appropriate. We identified independent risk factors for acute rejection and reduced graft function using the Cox proportional risk model tailored to the age category of donors, recipients, and induction therapy with anti-thymocyte globulin. P \<0.05 was considered statistically significant.

Ethics approval: All procedures involving human participants were approved in accordance with the ethical standards of the Institutional and/or National Research Committee, including the Helsinki Declaration of 1964 and its subsequent amendments or comparable ethical standards.

The reported clinical and research activities are in line with the principles of the Istanbul Declaration as set out in the Istanbul Declaration on Organ Trafficking and Transplant Tourism.

Results
=======

Univariate analysis
-------------------

The group of donors (n=230) consisted of significantly more men (n=162) than women (n=68). The average age of the donors was 45±15.3 years old. We determined in the group of female donors, a significantly lower value of creatinine in the third, sixth month, first and third year after KT if the recipient was a woman, but the eGFR was without any statistically significant difference ([Figure 1](#f1-anntransplant-25-e921117){ref-type="fig"}). In the group of male donors, a statistically significantly lower value of the eGFR was recorded for female recipients in the fifth year after the KT (P=0.0047) with a significantly lower value of creatinine in M1, M3, M6, Y1 and Y5 after KT, [Figure 2](#f2-anntransplant-25-e921117){ref-type="fig"}.

The group of recipients (n=230) consisted of 154 men and 76 women. The average age of the recipients was 47.4±11.6 years old ([Table 1](#t1-anntransplant-25-e921117){ref-type="table"}). [Tables 2](#t2-anntransplant-25-e921117){ref-type="table"} and [3](#t3-anntransplant-25-e921117){ref-type="table"} show basic characteristics in all groups of recipients (separately for female donors and male donors).

There was no significant difference in induction among recipients in the group of male donors, but we recorded significantly lower percentages of female recipients with anti-thymocyte globulin induction in male donors and significantly lower average PRA in this group of recipients, which means that these female recipients were not at high immunological risk at the beginning ([Table 3](#t3-anntransplant-25-e921117){ref-type="table"}).

Multivariate analysis (Cox proportional hazards model)
------------------------------------------------------

### End-point: good graft function (eGFR \>60 ml/min pursuant to CKD-EPI)

We identified independent protective factors contributing to the development of good graft function in the first year after KT: the eGFR of the donor at the time of procurement above 60 ml/min \[HR 6.0955; (P\<0.0126)\] and induction with thymoglobulin \[HR 2.0532; (P\<0.0044)\] ([Table 4](#t4-anntransplant-25-e921117){ref-type="table"}). The protective effect of thymoglobulin continues in the third year \[HR 7.1777; (P\<0.0001)\], as well as in the fifth year after KT \[HR 4.7703; (P=0.0001)\]) ([Tables 5](#t5-anntransplant-25-e921117){ref-type="table"}, [6](#t6-anntransplant-25-e921117){ref-type="table"}). On the other hand, independent risk factors include the eGFR of the donor at the time of procurement 30--59 ml/min \[HR 0.1148; (P=0.0028)\], induction of IL-2 with an inhibitor \[HR 0.5489; (P=0.0196)\], and acute rejection in the first year after KT \[HR 0.3421; (P=0.0229)\] ([Table 4](#t4-anntransplant-25-e921117){ref-type="table"}). We confirmed that the third year after KT is an independent risk factor for the graft function of the sex mismatch in the male donor/female recipient \[HR 0.1618; (P=0.0004)\] and acute rejection in the first year after KT \[HR 0.3099; (P=0.0019)\] ([Table 5](#t5-anntransplant-25-e921117){ref-type="table"}). The male donor/female recipient combination \[HR 0.1282; (P\<0.0001)\], acute rejection in the first year after KT \[HR 0.3942; (P=0.0008)\], and induction with an IL-2 inhibitor \[HR 0.4347; (P\<0.0001)\] are risk factors for graft function in the fifth year after KT ([Table 6](#t6-anntransplant-25-e921117){ref-type="table"}).

### End-point: significantly reduced graft function (eGFR \<30 ml/min pursuant to CKD -- EPI)

We stipulated risk factors for the development of significantly reduced graft function (eGFR \<30 ml/min) adjusted to the age category of donors and recipients and induction treatment with anti-thymocyte globulin in Y1, Y3, and Y5. We did not identify any significant differences from the perspective of sex in monitored years in the age category donor \>50/recipient \>45. We determined that the female donor/male recipient combination in the age category donor \>50/recipient ≤45 years was a significant risk factor for reduced graft function in Y1 \[HR 2.0626; (P=0.0264)\], Y3 \[HR 3.0451; (P=0.0315)\] and Y5 \[HR 5.8214; (P=0.0312)\] ([Figure 3](#f3-anntransplant-25-e921117){ref-type="fig"}).

In the group donor ≤50/recipient \>45 years, a significant negative predictor is acute rejection \[HR 3.8872; (P=0.0119)\] and the eGFR of the donor at the time of procurement ≤60 ml/min \[HR 3.4870; (P=0.0481)\] in Y1; from the perspective of sex, there was significantly worse graft function in the case of male donor/female recipient combination, especially in Y5 \[HR 11.1676; (P=0.0139)\] ([Figure 4](#f4-anntransplant-25-e921117){ref-type="fig"}). Similarly, this type of sex mismatch represents a risk of significantly reduced graft function in the age category donor ≤50/recipient ≤45 years in Y3 \[HR 1.2500; (P=0.0050)\] and in Y5 \[HR 8.1993; (P=0.0183)\]; the eGFR of the donor at the time of procurement ≤60 ml/min is a significant negative predictor in this age category in Y1 \[HR 6.8874; (P=0.0172)\] and in Y3 \[HR 7.6859; (P=0.0347)\] ([Figure 5](#f5-anntransplant-25-e921117){ref-type="fig"}).

### End-point: Acute rejection in the first year after KT

Delayed graft function \[HR 1.9845; (P=0.0495)\] and sex mismatch type male donor/female recipient \[HR 1.8992; (P=0.0387)\] were independent risk factors for the occurrence of acute rejection in the first year after KT. Induction with thymoglobulin significantly reduces the risk of acute rejection development in the first year after KT \[HR 0.2108; (P=0.0033)\] ([Table 7](#t7-anntransplant-25-e921117){ref-type="table"}).

### Age category (25--44, ≥45)

We divided patients/recipients into 2 groups according to the donor's sex. We identified each group of male and female recipients according to the age at the time of the KT and we found significantly worse graft function in the male donor/female recipient combination in the age category ≥45 years in the third (P=0.0025) and fifth year after KT (P=0.0005). No significant differences were found in female donors ([Figure 6](#f6-anntransplant-25-e921117){ref-type="fig"}).

### Graft and patient survival

[Figures 7](#f7-anntransplant-25-e921117){ref-type="fig"} and [8](#f8-anntransplant-25-e921117){ref-type="fig"} show the total 1-, 3-, and 5-year graft and patient survival after KT. A significantly worse 5-year graft survival was shown in the male donor/female recipient combination (P=0.0047). The survival of patients in these years was only numerically worse.

Discussion
==========

The development of graft function and graft survival after KT depends on the sex of the donor and the age at the time of transplantation.

We found that the sex mismatch type of male donor/female recipient had the highest risk group graft function in the third and fifth year after KT. Studies examining the issues of sex matching and its impact on graft survival after KT agree with our conclusions \[[@b4-anntransplant-25-e921117],[@b8-anntransplant-25-e921117],[@b16-anntransplant-25-e921117]\]. Our univariate analysis showed a significantly lower EFR in this group in the 5-year monitoring, despite significantly lower values of creatinine, when compared to the male recipients. The male donor/female recipient combination in the multivariate analysis independently reduces the occurrence of good graft function (eGFR \>60 ml/min) in the third and fifth year after KT. We did not find any significant effect of sex on graft function in the early post-transplant period. This mismatch leads to a significantly higher occurrence of acute rejection in the first year after KT, although this group had lower immunological risk according to the induction treatment used (significantly lower percentage of patients with anti-thymocyte globulin induction with significantly lower average PRA). The most important conclusion of our analysis was the finding that women showed a significantly lower 5-year survival of the graft in the case of a kidney allocation from a male donor. We assume that these conclusions have an immunological basis. Tan et al. confirmed a significantly higher occurrence of antibodies against H-Y antigens in female recipients who received the kidney from a male donor; this fact is strongly correlated with the occurrence of acute rejection after KT \[[@b9-anntransplant-25-e921117]\]. The significant impact of H-Y antibodies on the failure of graft function is documented by Gratwohl et al. on a sample of more than 190 000 recipients from dead kidney donors in the first and subsequent second to tenth year after KT \[[@b8-anntransplant-25-e921117]\]. McGee et al. discussed the impact of BMI and the size of the donor's kidney, when the negative impact of sex mismatch is significantly reduced by a relatively higher value of BMI of the donor as compared to the recipient. BMI is reported to be correlated with kidney size \[[@b16-anntransplant-25-e921117]\]. Many analyses have confirmed the indisputable significant impact of non-immunological factors (such as the graft size) on the function of the transplanted kidney \[[@b4-anntransplant-25-e921117],[@b17-anntransplant-25-e921117],[@b18-anntransplant-25-e921117]\]. An important finding in our analysis was the strong dependence of the development of good graft function in the monitored years on the type of induction used (protective effect of anti-thymocyte globulin, IL-2 inhibitor as an independent risk factor). We also think it is very important, when evaluating the effect of sex on the graft function, to evaluate it in combination with age, as the impact of both immunological and non-immunological factors is diversely represented in the body during life. We have, therefore, adjusted the analysis to the induction with anti-thymocyte globulin and age categories of donors and recipients.

We found that the mentioned risk of the male donor/female recipient combination represents a significantly higher risk of significantly reduced graft function (eGFR \<30 ml/min) in the case of a kidney allocation between younger individuals (donor ≤50 years, recipient ≤45 years) in the third and fifth year after KT. Lepeytre et al. found that the combined effect of age and sex on graft function led to a worse graft outcome in women in all age categories if the donor was male. The outcome was significantly worse in the category of 15--24 years old, even without any effect from the sex of the donor \[[@b11-anntransplant-25-e921117]\]; it is especially evident in younger individuals, probably due to the effect of sex-determined H-Y antigens, with higher sensitising of female recipients. The effect of the genital system plays an important role, as it reaches the peak of its activity in this period, affecting immunity responses of the body. The immunosuppressive effect of testosterone and the immunomodulatory effect of estrogens are well described in the literature \[[@b6-anntransplant-25-e921117],[@b7-anntransplant-25-e921117],[@b19-anntransplant-25-e921117]\]. We found that the same combination of sexes (male donor/female recipient) has a significant negative effect on graft function in donor ≤50 years and recipient \>45 years, but only in the late post-transplant period -- Y5. This result is a little surprising, as a younger male kidney should provide the female recipient with a functional and structural advantage, with a smaller metabolic impact of the body. Also, the power of sex and immunity determinants should gradually decrease with age, but we cannot ascribe a zero effect to it with any certainty.

We did not record any impact of the mismatch on the development of significantly reduced graft function in a higher age category (donor \>50 years, recipient \>45 years). The effect of sex hormones on the immunity system gradually weakens until it disappears completely in older women, especially after menopause \[[@b20-anntransplant-25-e921117]\], which we considered to be the main reason for this finding.

Kidneys from older donors have a smaller functional mass of nephrons, which over the course of life gradually reduces with growing nephrosclerosis \[[@b21-anntransplant-25-e921117],[@b22-anntransplant-25-e921117]\], and they have less ability to adequately respond to physiological and pathological changes and thus lead to a quicker reduction of renal reserves \[[@b23-anntransplant-25-e921117]\]. Tan et al. compared the functionality and structure of kidneys in donors \>55 years and \<40 years and found a significantly lower number of functional glomeruli with a significantly higher sclerotization in "older" donors \[[@b24-anntransplant-25-e921117]\]. In our analysis, a clearly high-risk combination for the significant reduction of graft function was the female donor/male recipient combination in the group of younger recipients (≤45 years) who were transplanted with an older kidney (donor \>50 years), and that applied in all the monitored years. We consider this result to be expected and logical. In this case, an important role is played by the mismatch in graft size, as smaller and older kidneys cannot adequately meet the metabolic demands of the recipient.

From the perspective of sex, we consider the male donor/female recipient combination to be the combination with the highest risk. At the same time, it is important to associate the differences in sex with the age of the donors and recipients as well as the type of induction immunosuppression. It should be noted that there are also other factors not included in our study that have an impact on the function and survival of the graft after KT, including mismatch in the size of the transplanted kidney and in the BMI, with a different metabolic impact.

Conclusions
===========

Based on our analysis, we confirmed that sex differences between the donor and the recipient have a significant effect on graft function, graft survival, and occurrence of acute rejection after KT. It is not possible to take these factors into account for kidney allocation in clinical practice due to the persisting shortage of organ donors. However, the sex mismatch should be the subject of interest in the post-transplant period in the sense of the thorough monitoring of these pairs by taking preventive measures such as a protocolar biopsy or the determination of donor-specific antibodies to prevent the development of acute rejection or early graft failure.
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###### 

Group characteristics.

  Whole group of patients                                                                       Donor n=230   Recipient n=230   P-value
  --------------------------------------------------------------------------------------------- ------------- ----------------- ---------
  Age at the time of procurement/KT (years)                                                     45±15.3       47.4±11.6         0.0586
  Gender -- men (%)                                                                             70.4          67                0.4322
  BMI (kg/m^2^)                                                                                 24.7±3.9      --                --
  ECD donor (%)                                                                                 29.1          --                --
  eGFR at the time of procurement (ml/min)                                                      82.5±32.1     --                --
  QVPU before procurement (g/sampling)                                                          0.9±0.6       --                --
  CIT (min)                                                                                     --            650±304           --
  DGF (%)[\*](#tfn2-anntransplant-25-e921117){ref-type="table-fn"}                              --            10.9              --
  Induction: basiliximab/daclizumab (%)                                                         --            57.4              --
  Induction: thymoglobulin (%)                                                                  --            27.8              --
  Induction: None (%)                                                                           --            14.8              
  Tacrolimus (%)                                                                                --            81.7              --
  Cyclosporine A (%)                                                                            --            18.3              --
  Creatinine D7 (μmol/l)                                                                        --            230±194           --
  Creatinine M1 (μmol/l)                                                                        --            159±70            --
  Creatinine M3 (μmol/l)                                                                        --            157±48            --
  Creatinine M6 (μmol/l)                                                                        --            144±51            --
  Creatinine Y1 (μmol/l)                                                                        --            142±53            --
  Creatinine Y3 (μmol/l)                                                                        --            136±50            --
  Creatinine Y5 (μmol/l)                                                                        --            131±36            --
  eGFR M1 (ml/min)                                                                              --            42.3±12.7         --
  eGFR M3 (ml/min)                                                                              --            41.9±12.6         --
  eGFR M6 (ml/min)                                                                              --            44.3±14           --
  eGFR R1 (ml/min)                                                                              --            47.3±14.8         --
  eGFR R3 (ml/min)                                                                              --            50±13.3           --
  eGFR R5 (ml/min)                                                                              --            48.2±12.4         --
  Acute rejection in anamnesis (%)[\*\*](#tfn3-anntransplant-25-e921117){ref-type="table-fn"}   --            23.9              --

KT -- kidney transplantation; BMI -- body mass index; ECD -- expanded criteria donors; eGFR -- estimated glomerular filtration rate (according to CKD/EPI formula); QVPU -- quantitative proteinuria; CIT -- cold ischemia time; DGF -- delayed graft function; D -- day; M -- month; Y -- year.

Needed dialysis treatment in the first week after kidney transplantation;

follow up: 1 year.

###### 

Group characteristics -- female donor.

  Female donor (n=68)                                                                           Male recipient n=49   Female recipient n=19   P value
  --------------------------------------------------------------------------------------------- --------------------- ----------------------- ------------
  Age of the donor (years)                                                                      49.2±14.1             43.2±16.2               0.1358
  BMI of the donor (kg/m2)                                                                      24.6±3.6              24.3±4.8                0.7803
  ECD donor (%)                                                                                 40.8                  22.4                    0.1583
  eGFR at the time of procurement (ml/min)                                                      75.5±19.7             62.9±21.8               **0.0248**
  QVPU before procurement (g/sampling)                                                          0.43±0.4              0.66±0.45               **0.0439**
  Age of the recipient (years)                                                                  45.7±12.7             48.7±10.7               0.3657
  CIT (min)                                                                                     743±301               657±306                 0.2965
  DGF (%)[\*](#tfn5-anntransplant-25-e921117){ref-type="table-fn"}                              10.2                  15.8                    0.5232
  BMI of the recipient (kg/m2)                                                                  25.4±3.5              25.2±3.5                0.8332
  Induction: basiliximab/daclizumab (%)                                                         51                    42.1                    0.5131
  Induction: thymoglobulin (%)                                                                  26.5                  36.8                    0.4062
  Induction: None (%)                                                                           22.5                  21.1                    0.9014
  Tacrolimus (%)                                                                                86.7                  84.2                    0.7913
  PRA (%)                                                                                       2.9±1.3               3.3±2.1                 0.3460
  Mismatch A                                                                                    1.1±0.7               1.2±0.6                 0.5850
  Mismatch B                                                                                    1.2±0.7               1.3±0.6                 0.5850
  Mismatch DR                                                                                   0.7±0.6               0.9.±0.6                0.2218
  Creatinine D7 (μmol/l)                                                                        267±233.3             243±211                 0.6975
  Creatinine M1 (μmol/l)                                                                        174±76                142±45                  0.0906
  Creatinine M3 (μmol/l)                                                                        179±45                144±46                  **0.0057**
  Creatinine M6 (μmol/l)                                                                        174±48                145±48                  **0.0288**
  Creatinine Y1 (μmol/l)                                                                        172±61                128±40                  **0.0050**
  Creatinine Y3 (μmol/l)                                                                        155±4.7               116±44                  **0.0039**
  Creatinine Y5 (μmol/l)                                                                        143±32                127±50                  0.1218
  eGFR M1 (ml/min)                                                                              42.5±13.2             38±9,1                  0.1776
  eGFR M3 (ml/min)                                                                              39.5±9.5              37.8±11                 0.5287
  eGFR M6 (ml/min)                                                                              40.7±12.7             39.5±12.3               0.7255
  eGFR R1 (ml/min)                                                                              42.8±13.9             43.7±13.1               0.8085
  eGFR R3 (ml/min)                                                                              46.3±11.4             49.4±18                 0.3994
  eGFR R5 (ml/min)                                                                              48.9±12               44.1±15.5               0.1781
  Acute rejection in anamnesis (%)[\*\*](#tfn6-anntransplant-25-e921117){ref-type="table-fn"}   36.7                  5.3                     **0.0102**

KT -- kidney transplantation; BMI -- body mass index; ECD -- expanded criteria donors; eGFR -- estimated glomerular filtration rate (according to CKD/EPI formula); QVPU -- quantitative proteinuria; CIT -- cold ischemia time; DGF -- delayed graft function; D -- day; M -- month; Y -- year.

Needed dialysis treatment in the first week after kidney transplantation;

follow up: 1 year.

###### 

Group characteristics -- male donor.

  Male donor (n=162)                                                                            Male recipient n=105   Female recipient n=57   P value
  --------------------------------------------------------------------------------------------- ---------------------- ----------------------- --------------
  Age of the donor (years)                                                                      45.7±15.6              40.5±14.7               **0.0403**
  BMI of the donor (kg/m2)                                                                      25±3.6                 24.8±4.5                0.7580
  ECD donor (%)                                                                                 31.4                   17.5                    0.0564
  eGFR at the time of procurement (ml/min)                                                      86±29.1                88±44                   0.7291
  QVPU before procurement (g/sampling)                                                          0.8±0.5                1.2±0.8                 **0.0001**
  Age of the recipient (years)                                                                  47.9±11.7              47.6±10.7               0.8727
  CIT (min)                                                                                     612±275                637±346                 0.6153
  DGF (%)[\*](#tfn8-anntransplant-25-e921117){ref-type="table-fn"}                              10.5                   10.5                    1.0000
  BMI of the recipient (kg/m2)                                                                  25.6±3.8               25.5±3.8                0.8731
  Induction: basiliximab/daclizumab (%)                                                         60.0                   63.2                    0.6908
  Induction: thymoglobulin (%)                                                                  32.4                   17.5                    **0.0424**
  Induction: None (%)                                                                           7.6                    19.3                    0.0275
  Tacrolimus (%)                                                                                83.8                   75.4                    0.1959
  PRA (%)                                                                                       3.7±1.9                2.4±1.1                 **0.0004**
  Mismatch A                                                                                    1±0.9                  1.1±0.6                 0.4529
  Mismatch B                                                                                    1.1±0.7                1±0.7                   0.3685
  Mismatch DR                                                                                   1.1±0.8                1.3±0.6                 0.1007
  Creatinine D7 (μmol/l)                                                                        227±189                196±154                 0.2901
  Creatinine M1 (μmol/l)                                                                        169±72                 132±56                  **0.0010**
  Creatinine M3 (μmol/l)                                                                        161±50                 130±29                  **\<0.0001**
  Creatinine M6 (μmol/l)                                                                        156±55                 120±26                  **\<0.0001**
  Creatinine Y1 (μmol/l)                                                                        131±55                 115±26                  **0.0399**
  Creatinine Y3 (μmol/l)                                                                        128±56                 113±22                  0.0541
  Creatinine Y5 (μmol/l)                                                                        135±40                 117±24                  **0.0023**
  eGFR M1 (ml/min)                                                                              43.2±12.7              43±13                   0.9245
  eGFR M3 (ml/min)                                                                              43.6±13.9              42±12.3                 0.4678
  eGFR M6 (ml/min)                                                                              46±15.5                45.5±11.8               0.8321
  eGFR R1 (ml/min)                                                                              50±15.7                47.9±13.2               0.3921
  eGFR R3 (ml/min)                                                                              50.5±14.7              47.5±10.5               0.1749
  eGFR R5 (ml/min)                                                                              51.1±13.3              45.3±10.2               **0.0047**
  Acute rejection in anamnesis (%)[\*\*](#tfn9-anntransplant-25-e921117){ref-type="table-fn"}   22.9                   17.5                    0.4218

KT -- kidney transplantation; BMI -- body mass index; ECD -- expanded criteria donors; eGFR -- estimated glomerular filtration rate (according to CKD/EPI formula); QVPU -- quantitative proteinuria; CIT -- cold ischemia time; DGF -- delayed graft function; D -- day; M -- month; Y -- year.

Needed dialysis treatment in the first week after kidney transplantation;

follow up: 1 year.

###### 

Cox proportional hazards model (end-point eGFR ≥60 ml/min in the 1^st^ year after KT).

  eGFR ≥60 ml/min (first year)                                                               Hazard ratio   95% CI            P-value
  ------------------------------------------------------------------------------------------ -------------- ----------------- ------------
  Age of donor at the time of procurement \<45 years old                                     1.2232         0.5098--2.9348    0.6519
  Age of donor at the time of procurement 45--59 years old                                   0.7965         0.3251--1.9512    0.6187
  Age of donor at the time of procurement ≥60 years old                                      0.5021         0.1204--2.0933    0.3442
  BMI of donor \<20 kg/m^2^                                                                  1.6093         0.7193--3.6006    0.2469
  BMI of donor 20--24.9 kg/m^2^                                                              0.6829         0.4080--1.1429    0.1466
  BMI of donor 25--29.9 kg/m^2^                                                              1.1133         0.6273--1.9757    0.7138
  BMI of donor ≥30 kg/m^2^                                                                   1.2079         0.4491--3.2493    0.7083
  ECD donor                                                                                  0.7633         0.4209--1.3843    0.3739
  eGFR of the donor at the time of procurement ≥60 ml/min                                    6.0955         1.4730--25.2252   **0.0126**
  eGFR of the donor at the time of procurement 30--59 ml/min                                 0.1148         0.0278--0.4736    **0.0028**
  QVPU of the donor before procurement ≥0.300 G/24 hours                                     1.2142         0.7288--2.0229    0.4561
  Age of recipient \<45 years old                                                            1.2461         0.7584--2.0474    0.3851
  Age of recipient ≥45 years old                                                             0.6111         0.5138--1.4794    0.8718
  CIT \<359 min                                                                              1.4178         0.7464--2.6931    0.2862
  CIT 360--719 min                                                                           0.8580         0.4417--1.6667    0.6513
  CIT ≥720 min                                                                               0.7310         0.4253--1.2565    0.2569
  DGF[\*](#tfn11-anntransplant-25-e921117){ref-type="table-fn"}                              0.4374         0.1370--1.3962    0.1626
  Induction: basiliximab/daclizumab                                                          0.5489         0.3318--0.9082    **0.0196**
  Induction: thymoglobulin                                                                   2.0532         1.2514--3.3688    **0.0044**
  Tacrolimus                                                                                 1.7042         0.8010--3.6258    0.1664
  Acute rejection in anamnesis[\*\*](#tfn12-anntransplant-25-e921117){ref-type="table-fn"}   0.3421         0.1358--0.8622    **0.0229**
  Female donor/female recipient                                                              1.0006         0.4298--2.3295    0.9989
  Female donor/male recipient                                                                0.7872         0.2627--2.3586    0.6691
  Male donor/female recipient                                                                0.5772         0.2742--1.2150    0.1478
  Male donor/male recipient                                                                  1.2839         0.5109--3.2265    0.5951

BMI -- body mass index; ECD -- expanded criteria donors; eGFR -- estimated glomerular filtration rate (pursuant to CKD/EPI formula); QVPU -- quantitative proteinuria; CIT -- cold ischemia time; DGF -- delayed graft function; D -- day; M -- month; Y -- year.

Need for dialysis treatment in the first week after kidney transplantation;

follow up: 1 year.

###### 

Cox proportional hazards model (end-point eGFR ≥60 ml/min in the 3^rd^ year after KT).

  eGFR ≥60 ml/min (year 3)                                                                   Hazard ratio   95% CI            P-value
  ------------------------------------------------------------------------------------------ -------------- ----------------- --------------
  Age of donor at the time of procurement \<45 years old                                     1.0555         0.6834--1.6304    0.8075
  Age of donor at the time of procurement 45--59 years old                                   0.9439         0.6604--1.3492    0.7516
  Age of donor at the time of procurement ≥60 years old                                      1.3216         0.7714--2.2641    0.3101
  BMI of donor \<20 kg/m^2^                                                                  1.3788         0.6242--3.0458    0.4270
  BMI of donor 20--24.9 kg/m^2^                                                              0.7653         0.4987--1.1743    0.2207
  BMI of donor 25--29.9 kg/m^2^                                                              0.8691         0.5415--1.3948    0.5609
  BMI of donor ≥30 kg/m^2^                                                                   0.9924         0.4901--2.0096    0.9831
  ECD donor                                                                                  1.4645         0.8781--2.4425    0.1438
  eGFR of the donor at the time of procurement ≥60 ml/min                                    1.2828         0.7138--2.3054    0.4050
  eGFR of the donor at the time of procurement 30--59 ml/min                                 0.7506         0.4326--1.3022    0.3074
  QVPU of the donor before procurement ≥0.300 G/24 hours                                     0.8970         0.5799--1.3875    0.6253
  Age of recipient \<45 years old                                                            0.8274         0.5432--1.2604    0.3776
  Age of recipient ≥45 years old                                                             0.9680         0.6722--1.3939    0.8612
  CIT \<359 min                                                                              1.1893         0.7363--4.7824    0.5280
  CIT 360--719 min                                                                           0.9064         0.5942--1.3825    0.6482
  CIT ≥720 min                                                                               0.8436         0.5290--1.3453    0.4751
  DGF[\*](#tfn14-anntransplant-25-e921117){ref-type="table-fn"}                              0.9653         0.4379--2.1278    0.9302
  Induction: basiliximab/daclizumab                                                          1.8765         0.7363--4.7824    0.1873
  Induction: thymoglobulin                                                                   7.1777         2.8320--18.1917   **\<0.0001**
  Tacrolimus                                                                                 1.9206         0.9685--3.8085    0.0617
  Acute rejection in anamnesis[\*\*](#tfn15-anntransplant-25-e921117){ref-type="table-fn"}   0.3099         0.1482--0.6480    **0.0019**
  Female donor/female recipient                                                              0.8152         0.4656--1.4273    0.5112
  Female donor/male recipient                                                                0.6577         0.3336--1.2967    0.2264
  Male donor/female recipient                                                                0.1618         0.0591--0.4431    **0.0004**
  Male donor/male recipient                                                                  0.6477         0.3609--1.1623    0.1454

BMI -- body mass index; ECD -- expanded criteria donors; eGFR -- estimated glomerular filtration rate (pursuant to CKD/EPI formula); QVPU -- quantitative proteinuria; CIT -- cold ischemia time; DGF -- delayed graft function; D -- day; M -- month, Y -- year.

Need for dialysis treatment in the first week after kidney transplantation;

follow up: 1 year.

###### 

Cox proportional hazards model (end-point eGFR ≥60 ml/min in the 5^th^ year after KT).

  eGFR ≥60 ml/min (fifth year)                                                               Hazard ratio   95% CI           P-value
  ------------------------------------------------------------------------------------------ -------------- ---------------- --------------
  Age of donor at the time of procurement \<45 years old                                     0.9078         0.5785--1.4247   0.6740
  Age of donor at the time of procurement 45--59 years old                                   0.9090         0.6292--1.3134   0.6115
  Age of donor at the time of procurement ≥60 years old                                      1.1600         0.6827--1.9710   0.5832
  BMI of donor \<20 kg/m^2^                                                                  0.9507         0.4271--2.1162   0.9015
  BMI of donor 20--24.9 kg/m^2^                                                              0.8577         0.5928--1.2411   0.4155
  BMI of donor 25--29.9 kg/m^2^                                                              1.0380         0.7074--1.5230   0.8488
  BMI of donor ≥30 kg/m^2^                                                                   1.7283         0.9896--3.0184   0.0544
  ECD donor                                                                                  1.1804         0.7462--1.8672   0.4785
  eGFR of the donor at the time of procurement ≥60 ml/min                                    0.7363         0.4650--1.1658   0.1917
  eGFR of the donor at the time of procurement 30--59 ml/min                                 1.3541         0.8686--2.1110   0.1809
  QVPU of the donor before procurement ≥0.300 G/24 hours                                     0.9208         0.6254--1.3558   0.6761
  Age of recipient \<45 years old                                                            1.0180         0.7078--1.4641   0.9235
  Age of recipient ≥45 years old                                                             1.0433         0.7142--1.5241   0.8263
  CIT \<359 min                                                                              1.5675         0.8884--2.7656   0.1208
  CIT 360--719 min                                                                           1.4853         0.9485--2.3260   0.0838
  CIT ≥720 min                                                                               0.6756         0.4447--1.0265   0.0662
  DGF[\*](#tfn17-anntransplant-25-e921117){ref-type="table-fn"}                              0.7295         0.3598--1.4790   0.3818
  Induction: basiliximab/daclizumab                                                          0.4347         0.2998--0.6302   **\<0.0001**
  Induction: thymoglobulin                                                                   4.7703         3.2183--7.0708   **0.0001**
  Tacrolimus                                                                                 1.4708         0.7934--2.7266   0.2205
  Acute rejection in anamnesis[\*\*](#tfn18-anntransplant-25-e921117){ref-type="table-fn"}   0.3942         0.2287--0.6794   **0.0008**
  Female donor/female recipient                                                              1.2507         0.6789--2.3040   0.4729
  Female donor/male recipient                                                                0.7161         0.4550--1.1271   0.1491
  Male donor/female recipient                                                                0.1282         0.0520--0.3157   **\<0.0001**
  Male donor/male recipient                                                                  0.9661         0.6421--1.4536   0.8684

BMI -- body mass index; ECD -- expanded criteria donors; eGFR -- estimated glomerular filtration rate (pursuant to CKD/EPI formula); QVPU -- quantitative proteinuria; CIT -- cold ischemia time; DGF -- delayed graft function; D -- day; M -- month; Y -- year.

Need for dialysis treatment in the first week after kidney transplantation;

follow up: 1 year.

###### 

Cox proportional hazards model (acute rejection in 1^st^ year after KT).

  Acute rejection (first year)                                                               Hazard ratio   95% CI           P-value
  ------------------------------------------------------------------------------------------ -------------- ---------------- ------------
  Age of donor at the time of procurement \<45 years old                                     1.2083         0.6198--2.3554   0.5785
  Age of donor at the time of procurement 45--59 years old                                   1.0982         0.6453--1.8688   0.7300
  Age of donor at the time of procurement ≥60 years old                                      1.2855         0.6002--2.7532   0.5180
  BMI of donor \<20 kg/m^2^                                                                  0.3197         0.0430--2.3789   0.2654
  BMI of donor 20--24.9 kg/m^2^                                                              0.9805         0.4397--2.1865   0.9616
  BMI of donor 25--29.9 kg/m^2^                                                              0.9100         0.3965--2.0886   0.8240
  BMI of donor ≥30 kg/m^2^                                                                   1.4936         0.6417--3.4763   0.3520
  ECD donor                                                                                  1.3591         0.6982--2.6456   0.3667
  eGFR of the donor at the time of procurement ≥60 ml/min                                    1.0202         0.5272--1.9744   0.9526
  eGFR of the donor at the time of procurement 30--59 ml/min                                 1.0623         0.5564--2.0282   0.8546
  QVPU of the donor before procurement ≥0.300 G/24 hours                                     1.6399         0.9461--2.8427   0.0780
  Age of recipient \<45 years old                                                            1.0525         0.6146--1.8023   0.8522
  Age of recipient ≥45 years old                                                             0.9864         0.5685--1.7117   0.9612
  CIT \<359 min                                                                              0.8790         0.3984--1.9393   0.7494
  CIT 360--719 min                                                                           1.0299         0.6042--1.7553   0.9139
  CIT ≥720 min                                                                               1.1120         0.6203--1.9937   0.7214
  DGF[\*](#tfn20-anntransplant-25-e921117){ref-type="table-fn"}                              1.9845         1.0015--3.9323   **0.0495**
  Induction: basiliximab/daclizumab                                                          0.8589         0.4569--1.6146   0.6367
  Induction: thymoglobulin                                                                   0.2108         0.0746--0.5961   0.0033
  Tacrolimus                                                                                 0.7283         0.3912--1.3559   0.3174
  Acute rejection in anamnesis[\*\*](#tfn21-anntransplant-25-e921117){ref-type="table-fn"}   0.2913         0.0394--2.1564   0.2272
  Female donor/female recipient                                                              0.9416         0.4607--1.9243   0.8689
  Female donor/male recipient                                                                1.8992         1.0338--3.4891   **0.0387**
  Male donor/female recipient                                                                0.6889         0.3865--1.2281   0.2065

BMI -- body mass index; ECD -- expanded criteria donors; eGFR -- estimated glomerular filtration rate (pursuant to CKD/EPI formula); QVPU -- quantitative proteinuria; CIT -- cold ischemia time; DGF -- delayed graft function; D -- day; M -- month; Y -- year.

Need for dialysis treatment in the first week after kidney transplantation;

follow up: 1 year.

[^1]: Study Design

[^2]: Data Collection

[^3]: Statistical Analysis

[^4]: Data Interpretation

[^5]: Manuscript Preparation

[^6]: Literature Search

[^7]: Funds Collection
